Freshly isolated strains of H. pertussis
show meagre growth on Bordet Gengou medium, but a series of subcultures after isolation on the medium containing decreasing amounts of blood results in an ability to grow on blood-free medium, eventually demonstrating that the organisms become to thrive on ordinary agar medium. Imamura (1952) , Asano (1953) and Fukumi et al. (1953) reported that H. pertussis of phase I required glutamic acid as the most important nitrogenous requirement, cysteine as a sulfur-containing compound and nicotinic acid as the growth factor.
According to their findings, this organism seems to be not so much exacting in its nutritional requirements as expected from its meagre growth on such an enriched medium as Bordet Gengou medium. Proom (1955) , however, stated that this organism could grow in a simple amino acids mixture only for one or two subcultures and did not survive in further serial subcultures in such media.
As it is unreasonable, however, to think that the faint growth of H. pertussis on Bordet Gengou medium enriched with 1% peptone is due to shortage of nutrients, the authors tried to investigate this problem from another point, apart from the investigations on nutritional requirements.
Since 1939, Clifton and his colleagues (Clifton, 1946; Clifton, 1947; Siegel et al., 1950) and Wiame et al., (1951) reported the results on oxidative assimilation of microorganisms and demonstrated that there were definite stoichiometric relationships between dissimilation and assimilation concerning to a given substrate utilized by microorganisms.
It was also reported by Clifton et al., that Candida albicans and S. cerevisiae have a higher energy efficiency in utilization of substrate than E. coli and P. calco-acetica.
These studies using non-exacting organisms suggested to the authors that the last crop in their growth might depend upon the stoichiometric balances between dissimilation and assimilation for substrates in the medium in which the organisms were cultured, as well as upon their growth factors.
As it is known that H. pertussis in the course of phase variation shows 
RESULTS
As it was needed to obtain the substrates which were oxidized with enough , rapidity to investigate on oxidative assimilation, preliminary tests for oxidation rates for various substrates were tried using L418-323 strain-10th subculture and 22490 strain-13th subculture as the strains in an early stage of phase variation . which showed only meagre growth on Bordet Gengou medium, and Denken strain as a laboratory strain which showed luxuriant growth on ordinary agar medium.
As shown in Tables 1 and 2 , oxygen uptakes of the laboratory strain showed remarkably higher rates for the substrates used than the other strains.
As shown in Table 1 , the oxidation rate of L418-323 strain for D-glutamic acid was found to be the highest among the amino acids used , while the oxidation rate of 22490 strain for succinic acid was found to be the highest among the organic acids used, most of which belong to the citric acid cycle . Other substances, except aspartic acid, were found to be unfit for this test owing to their too low oxidation rates.
The three strains showed no oxygen uptake for carbohydrates, such as dextrose, lactose, galactose, trehalose, sucrose, arabinose, xylose and rhamnose . Thus, oxidative assimilation abilities of a laboratory strain (Denken strain) and 40103 strain-12th subculture which was proved to be in the nearest position to the phase I organism as shown later, were tested for D-glutamic acid at first. As illustrated in Fig. 1 , the old stock strain utilized about two molecules of oxygen during the utilization of one molecule of the substrate which needs theoretically 4.5 molecules of oxygen for complete oxidation, while 40103 strain12th subculture, on the contrary, consumed 4.25 molecules of oxygen, which nearly correspond to the complete oxidation of the substrate.
In order to see if the incomplete oxidation by the old stock strain was pert ussis were washed four times to remove phosphate ion from within the cells as much as possible.
As shown in Fig. 2 , the oxidative assimilation was inhibited by this treatment and was proved to come back to original extent when increasing amounts of phosphate ion were added to the phosphate-poor mixture.
When 2-4-dinitrophenol was added to uncouple the produced energy from synthesis, assimilation stopped and complete oxidation occured (Fig. 3) .
Oxidative assimilation . for succinic acid was next investigated. As shown in Fig. 4 , the old stock strain used slightly more than one molecules of oxygen for one molecule of the substrate, while 40103 strain-12th subculture used 3.3 molecules of oxygen, which is almost near to the complete oxidation of the substrate till the reaction was ended (Fig. 4) . Table  4 . Accord- Clifton et al. (1939) , however, observed approximately the same extent of oxidation and assimilation of various substances during the growth of E. coli in a synthetic medium as noted in washed suspension.
Later, Whelton et al. (1945) reported that assimilation in cultures of P. saccharophilia was generally less than in washed suspensions. Therefore, it can be supposed that the assimilation of the laboratory strains would be more if they could not proliferate in the mixture. Recently Wiame et al. (1951) confirmed the data of Clifton with use of C14-labelled substrates in reference to the nature of carbon compounds fixed within the cells. The ratio of the assimilated portion to the dissimilated portion of the substrate studied, according to the data of Clifton, was various for each species of one Genus, but it was demonstrated here that there were remarkable differences in oxidative assimilation even among the same species and possibly the phases of the same strain.
It must be noticed here that these poor assimilation efficiencies of the phase I organism or the phase II organism are not produced from the good efficiencies of the phase IV strain by any degenerative mutation, as the former strains never can be produced from the latter strains by any degenerative agent in spite of the fact that the phase IV strains easily can be produced from the phase I' organisms by such a degenerative agent as sulphite and by cultivation at a low temperature (Yamamoto, 1953; Kasuga, 1952) . Considering from stronger survival ability of the phase I organism in vivo than other phase organisms, specific synthetic enzyme systems which are necessary to exist in vivo and are lost in the course of subcultures in vitro, can be postulated to cause the low assimilation efficiency.
SUMMARY
As one of the most important agents for the poor growth of H. pertussis in the early phase on Bordet Gengou medium enriched with 1 % peptone, its poor assimilation efficiency was reported in this paper.
In the course of vari ation, however, the assimilation efficiency was proved to improve.
It was demonstrated, therefore that there are remarkable differences in oxidative assimilation among the strains of a species.
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